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EP0 619 306 A1 

This invention relates Id biologically active vitamin D 3 compounds. More specifically, the invention relates 
to 19-nor-analogs of 1a-hydroxylated vitamin D 3 compounds having a substituent at the 2-position in the A- 
rlng. 

5 Background and Summary of the Invention 

The 1a-hydroxylated metabolites of vitamin D - most Importantly 1a f 25-dlhydroxyvltamln D3 and 1a,25- 
dihydroxyvitamin D 2 - are known as highly potent regulators of calcium homeostasis in animals and humans, 
and more recently their activity in cellular differentiation has also been established. V. Ostrem et al, Proc. Natl. 

10 Acad. Sci. USA, (1987), 84, 2610. As a consequence, many structural analogs of these metabolites, such as 
compounds with different side chain structures, different hydroxylation patterns, or different stereochemistry, 
have been prepared and tested. Important examples of such analogs are 1a-hydroxyvitamin D3, 1a-hydroxy- 
vltamin various side chain fluorinated derivatives of 1a,25-dihydroxyvitamln D 3f and side chain homologat- 
ed analogs. Several of these known compounds exhibit highly potent activity in vivo or In vitro, and some of 

15 these have been found to exhibit an interesting separation of activities in cell differentiation and calcium reg- 
ulation. This difference in activity provides these compounds with advantageous therapeutic activity profiles 
and thus numerous of these compounds are in use, or have been proposed for use. In the treatment of a variety 
of diseases such as renal osteodystrophy, vitamin D-resistant rickets, osteoporosis, psoriasis, and certain ma- 
lignancies. 

20 Recently, a new class of vitamin D analogs has been discovered, I.e. the so-called 1 9-nor-vitamln D com- 

pounds. 19-Nor-vitamln D compounds are vitamin D analogs In which the ring A exocydlc methylene group 
(carbon 19) typical of all vitamin D compounds has been removed and replaced by two hydrogen atoms. Spe- 
cifically, these compounds exhibit a selective activity profile with high potency in inducing cellular differentia- 
tion, and minimal bone calcification activity. Such a differential activity profile renders these compounds use- 

26 f ul for the treatment of malignancies, or the treatment of various skin disorders. Two different methods of syn- 
thesis of these 19- nor- vitamin D analogs have been described (Perlman et al. Tetrahedron Letters 31, 1823 
(1990); Perlman et al Tetrahedron Letters 32, 7663 (1991), and DeLuca etal U.S. Patent 5,086,191). 

In U.S. Patent 4,666,634, 203-hydroxy and alkoxy analogs of 1a,25-dihydroxyvltamin D s have been de- 
scribed and examined as potential drugs for osteoporosis and as antitumor agents See also T. Okano et al, 

30 Biochem. and Biophys. Res. Comm., (1 989) 163, 1444. However the new analogs also have many undesired 
side effects most notable of which is the potential development of hypercalcemia upon administration. 

In a continuing effort to explore the new 19- nor class of pharmacologically important vitamin D analogs, 
the 2a- and 20- hydroxy as well as the 2a(3 , -hydroxypropoxy)- and the 2,p(3'-hydroxypropoxy)- and 2a(ben- 
zyloxy)-analogs of 1 9-nor-1 a,25-dlhydroxyvltamln D3 have now been synthesized. The two 2-hydroxy analogs 

35 showed in vivo calcium transport with little or no bone calcium mobilization; the 2p- more than the 2a- analog. 
Both 2-hydroxy analogs induced differentiation of malignant cells. These two analogs thus show promise in 
the treatment of osteoporosis. The 2a-hydroxypropoxy analog showed a selective activity profile, combining 
high potency In inducing differentiation of malignant cells with very low bone calcium mobilizing activity, a pos- 
sible use in the treatment of cancer. 

40 

Brief Description of the Drawings 

Figs. 1a and 1b are graphs of the percent differentiation of HL-60 cells versus concentration for a prior 
art vitamin D 3 compound and three of the new 1 9-nor-vitamln D 3 compounds; and 
45 Figs. 2a and 2b are graphs of the competitive binding ability versus concentration for the same four com- 

pounds as in Figs. 1a and 1b. 

Disclosure of the Invention 

so The new 19- nor- Vitamin D 3 analogs having a substituent at the 2-position in the A-ring are represented 

by the following general formula: 
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20 where X! and X 2 are each selected from hydrogen or a hydroxy protecting group, R-, which may be in either a 
or 0 position is a hydroxy group, protected hydroxy group or the group OR$ where Rg is an alkyl, hydroxyalkyl, 
fluoroalkyl, arylalkyl oraryl group, and R 2 ls hydrogen ora hydroxy group. Specific examples of the compounds 
represented by the formula above are: 1a,2a,25-trihydroxy-19-nor-vitamin D 3 ; 1a, 20, 25-trihydroxy-19-nor- 
vitamin D 3 ; I^S-dihydroxy^a-fa'-hydroxypropoxyJ-IQ-nor-vitamin D 3 ; la^S-dihydroxy^MS'-hydroxypro- 

26 poxy)-19-nor-vitamln D 3 and 1a^5-dihydroxy-2a(benzyloxy)-19-nor-vitam!n D 3 . 

The starting material for the synthesis of these new 1 9-n or compounds is the commercially available syn- 
thon (1 R,3R,4R,5R) (-) quinic acid, D. Desmaele et al, Tetrahedron Letters (1985) 26, 4941, which after es- 
terlf icatlon with methanol In the presence of catalytic amount of p-tduene sulfonic acid, followed by treatment 
with tert-butyldlmethytsllyi chloride and trlethy! amine In dimethyl formamide gave the protected methyl ester 

30 J. Reduction with diisobutylaluminum hydride gave polyalcohol 2 followed by sodium periodate oxidation to 
the cyclohexanone derivative 3. The 4-hydroxy group was protected with N-(trimethylsilyl) imidazole to give 
4. 

The trimethylsilyl protecting group in this particular case with the very hindered 2-hydroxy group gave the 
needed chemoselectivity in the 2 position throughout all subsequent steps. Peterson reaction with methyl (tri- 

35 methylsilyl)acetate in the presence of LDA in anhydrous tetrahydrof uran gave a mbrture of the protected cy- 
clohexylidene esters 5a, 5b. The latter was reduced to the allylic alcohols 6a, 6b with diisobutylaluminum hy- 
dride and separated and finally transformed to the desired phosphine oxide 7a and 7b by in situ conversion 
to the tosylate with BuLi and tosytchloride followed by lithium diphenyl phosphide and oxidation with hydrogen 
peroxide. (During all these steps the 2 trlmethylsilyloxy group was not removed). 

40 The synthesis of the CD ring Windaus Orundmann ketone with the appropriate protected side chain is well 

documented in the literature. See E. G. Baggioiini et al, J. Org. Chem. (1986) 51 , 3098; F. J. Sardina et al, J. 
Org. Chem. (1986) 511264; and U. S. Patent 4,804,502. In the present disclosure, the recently described pro- 
cedure i.e. ozonolysis followed by .Ru0 4 oxidation of commercial vitamin D 3 was chosen. See J. Kiegiel et al, 
Tetrahedron Letters 32, 6057 (1991). The 25-OH of the Grundmann ketone was protected with TES-CI, imi- 

45 dazole, in DMF to give chemoselectivity from the 2-OTMS group in the 1 9-nor product With the required syn- 
thons on hand, the final convergent formation of 19-nor-1a,2a and -2p,25-dlhydroxy-cholecalclfero! 9a, 10a 
was then accomplished. See B. Lythgoe et al, J. Chem. Soc. Perkin Trans. 1, (1978) 590; B. Lythgoe et al, J. 
Chem. Soc. Perkin Trans 1. (1976) 2386; and H. T. Toh et al, J. Org. Chem. (1983), 48, 1414. Wittig Horner 
reaction of the lithium phosphlnoxy carbanlon prepared from 7a and n.butyl lithium at -78°C In tetrahydrof uran 

50 with the protected Windaus Grundmann ketone 8 proceeded to give the desired 1 9-nor- vitamin derivative 9a 
which after deprotection gave the crystalline 19-nor-1a,2a,25-trihydroxyvitamin D 3 10a; 10b was obtained in 
the same manner from 7b. 

For the synthesis of the 19-nor-2a(3'-hydroxypropoxy)-1a,25-dihydroxyvitamin D 3 14a, 9a was partially hy- 
drolyzed under carefully controlled conditions: i.e. 9a was treated with a mixture of 8:8:1 tetrahydrof uran acetic 

66 acid water at room temperature for 4.5 h and the resulting mixture separated by HPLC to give the free 2a- 
hydroxy 11a. 3-bromo-1-tertbutyldlmethylsllyloxy propane 12 was chosen as the alkylating agent and was pre- 
pared by silylation from the corresponding bromo alcohol. 11a was treated with sodium hydride and the pro- 
tected bromo compound 12 in the presence of 18-Crown-6 in anh. DMF for 4 8 h to give the protected 13a which 
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was de protected with Bu 4 NF in THF to give the expected 14a ; 14b was obtained in the same manner from 11b . 
Under the same conditions 11a with benzyl bromide gave after de protect ion 16a . 

The stereochemistry at the 2-posltlon of 5 was determined first by separation of the enantlomers followed 
by partial hydrolysis, and acylation. The two enantiomer's structure was then determined by NOE followed by 
5 2D NMR in deuterated benzene. This revealed that under the reaction conditions the major component was 
the 2a-compound 5a and the minor the 2JJ-compound 5b (3:1). 

As used In the description, and In the claims, the term "hydroxy- protecting group" refers to any group com- 
monly used for the protection of hydroxy functions during subsequent reactions, including, for example, acyl 
oraikylsilyi groups such as trimethylsilyl, triethylsilyl, t-butyldimethyisilyl and analogous alkyl or arylsilyt rad- 
io icals, or alkoxyalkyl groups such as methoxymethyi. ethoxymethyl, methoxyethoxymethyl, tetrahydrofuranyl 
ortetrahydropyranyl. A "protected -hydroxy" is a hydroxy function derivatized by one of the above hydroxy-pro- 
tecting groupings. "Alkyl" represents a straight-chain or branched hydrocarbon radical of 1 to 10 carbons in all 
its Isomeric forms, such as methyl, ethyl, propyl, Isopropyl, butyl, Isobutyl, pentyl, etc., and the terms "hydrox- 
yalkyl," "fluoroalkyr and "arylalkyT refer to such an alkyl radical substituted by one or more hydroxy, fluoro or 
15 aryl groups respectively. An "acyl" group is an aikanoyl group of 1 to 6 carbons in all its isomeric forms, or an 
aroyl group, such as benzoyl, or halo-, nitro- or alkyi -substituted benzoyl groups, or an alkoxycarbonyi group 
of the type alkyi-O-CO-, such as methoxycarbonyl, ethoxycarbonyl. propyloxycarbonyl, etc., or a dicar boxy lie 
acyl group such as oxalyl, malonyl, succinoyl, glutaroyt, or adipoyl. The term "aryl* signifies a phenyl-, or an 
alkyl-, nitro- or halo-substituted phenyl group. The term alkoxy signifies the group alkyl- O-. This invention is 
20 more specifically described by the following illustrative examples. In these examples specific products Iden- 
tified by Arabic numerals (e.g. 1 2. 3, etc.) refer to the specific structures so Identified In the preceding de- 
scription and in the Schemes. 

Example 1 

26 

Preparation of 1a,2a,25-trihydroxy-19-nor-vitamin D 3 ( 10a) and 1a,20,25-trihydroxy-19-nor-vitarnin D 3 
( 10b) . 

(a) ( 1R,3R,4R,5R)(-) Methyl Quinicate . 

30 ' 

Referring first to Scheme I, p-toluene sulfonic acid (0.5g) was added to a solution of qulnic acid (12.74 g, 
66.3 mmol) in methanol. The solution was stirred for 24 h. Solid NaHCO s (1.0g) was added and after 15 min 
the solution was filtered and concentrated to give 12.61 g (61.16 mmol) of the methyl ester in 92% yield. 

35 (b) (1R,3R,4R,5R) Methyl 3,5-Bis(tert-buty1dimethylsHyloxy), 1,4-dihydroxycydohexane-carboxylate (1) . 

tert-Butyldimethylsilyl chloride (6.73 g, 44.62 mmol) was added to a solution of methyl (1R,3R,4R,5R)(-) 
quinicate (3.68 g., 17.85 mmol) and trfethyl amine (6.2 ml_, 44.62 mmol) In 44 ml_ or anhydrous dimethyl for- 
mamide at 0°C with stirring. After 4 h the solution was warmed to room temperature and stirring continued for 

40 another 14 h. The solution was poured into water and extracted with ether. The combined organic layers were 
extracted with brine, dried over anhydrous MgS0 4 , filtered and concentrated. The residue was purified by col- 
umn chromatography on silica gel, eluting with 5-10% ethyl acetate in hexane mixtures, to give 4.6 g (60%) 
of ± as a white solid. M.p. 82-82.5°C (after recrystallization from hexanes). 1 H NMR (CDCi 3 , 500 MHz) 6 4.53 
(bs, 1 H), 4.36 (bs, 1 H), 4.11 (ddd, 1 H), 3.76 (s, 3 H). 3.42 (dd, 1 H), 2.31 (bs, 1 H), 2.18 (bd, 1 H), 2.05 (ddd, 

45 2 H). 1.82 (dd. 1 H). 0.91 (s, 9 H), 0.89 (s, 9H) 0.15 (s, 3 H), 0.14 (s, 3 H), 0.11 (s, 3 H), 0.09 (s, 3 H) MS m/e 
(relative intensity) 377 (70), 227 (91). 

(c) (1R,3R.4R,5R) [3,5-B is (tert,-butyld I methyls I lyloxy)-1 ,4-d I hydroxy]- 1- hydroxy methylcyclohexane (2) . 

50 Diisobutyl aluminum hydride (45mL, 45.0 mmol, 1.0 M in hexanes) was added to a solution of the ester 

(3.26 g, 7.5 mmol) In ether (45 mL) at -78°C. After 20 min. the solution was warmed to -23°C and stirred for 
2h. The solution was diluted with ether and then 2N potassium sodium tartrate was slowly added. The solution 
was warmed to room temperature and stirred for 15 min. The ether layer was separated and the aqueous layer 
extracted with ether. The combined ether layers were extracted with brine, dried over anh. MgS0 4 , filtered and 

65 concentrated. The material was further purified by column chromatography on silica gel with 25% ethyl acet- 
ate/hexanes to give 83% of 2 (2.52 g, 6.20 mmol). Mp. 108-109°C from hexanes. NMR (CDCI 3l 500 MHz) 
6 4.52 (bs, 1 H), 4.32 (bs, 1 H), 4.12 (ddd, 1 H), 3.40 (dd, 1 H), 3.33 (dd. 2 H), 2.28 (d, 1 H), 2.11 (dd, 1 H), 
2.00 (ddd, 2 H), 1.52 (dd, 1 H), 1.33 (dd, 1 H). 0.91 (s, 9 H), 0.90 (s, 9 H), 0.16 (s, 3 H), 0.14 (s, 3 H), 0.12 (s, 
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3 H), 0.11 (s, 3 H), MS m/e (relative intensity) : 349 (8), 331 (13), 239 (12), 199 (100). 

(d) (3R.5R) [3,5-Bls(tert-butyldimethylsllytoxy) 4-hydroxyl-1-cyclohexanone (3). 

5 Sodium periodate saturated water (28.5 mL) was added to the triol 2 (1 .91 g. 4.7 mmol) in methanol (124 

mL) at 0 Q C. The solution was stirred for 1 h, then poured into water and extracted with ether. The combined 
ether fractions were washed with brine, dried over anhydrous MgSO if filtered and concentrated, to give 1.72 
g (4.59 mmol) of 3 (98%). No further purification was required. Mp. 98-1G0°C from hexanes. *H NMR (CDCI3, 
500 MHz) 8 4.28 (m. 2 H), 3.80 (bs, 1 H), 2.77 (dd, 1 H, J=14.3, 3.4 Hz), 2.59 (dd, 1 H, J=13.1 , 10.7 Hz), 2.45 

10 (dd, 1 H. J=14.1, 5.2 Hz), 2.25 (bd, 1 H, J=15.9 Hz), 0.90 (s, 9 H), 0.85 (s, 9 H), 0.08 (s, 3 H), 0.08 (s, 3 H), 
0.06 (s, 6 H), MS m/e (relative intensity) 317 (62). 231 (16), 185 (76), 143 (100). 

(e) (3R.5R) [3,5-Bls (tert-butyldimethylsiryloxyM-tri-methylsllyloxyl-1-cydohexanone (4). 

15 N-(Trimethylsilyl)imidazole (2.52 mL, 26.67 mmol) was added to a solution of the ketoalcohol 3 (1.56 g, 

4.167 mmol) in methylene chloride (38 mL). The solution was stirred for 20 h. Water (1 mL) was added and 
the solution stirred for 30 mln. Brine and methylene chloride was added. The brine was extracted with methy- 
lene chloride. The combined methylene chloride fractions were dried with anh. MgSO*, filtered and concen- 
trated. The residue was further purified by column chromatography on silica gel with 10% ethyl acetate in hex- 

20 ane to give 4 (1 .76 g, 3.95 mmol) In 95% yield. 1 H NMR (CDCI3, 500 MHz) 8 4.25 (m. 1 H). 4.13 (m, 1 H), 4.04 
(m, 1 H), 2.74 (ddd, 2 H). 2.38 (dd, 1 H). 2.19 (dd. 1 H), 0.90 (s, 9 H), 0.86 (s. 9 H). 0.16 (s, 9 H), 0.07 (bs, 12 
H). MS m/e (relative intensity): 431 (5), 389 (100), 299 (45), 257 (28). 

(f) (S)-and (R)-(3R,5R) Methyl [3,5-bls(tert.-butyidlmethylsllyloxy-4-hydroxyl-cyclohexylldene carboxyiate 
26 (5a and 5b). 

n.Butyl lithium (2.3 mL, 3.0 mmol) 1.3 M In hexanes was added to a solution of diisopropyl amine (0.42 mL, 
3.0 mmol) In anhydrous tetrahydrofuran (2.0 mL) under argon at-78°C with stirring and methyl (trl methyls! I yl) 
acetate (0.49 mL. 3.0 mmol) was added. After 15 min the protected keto compound 4 (0.629 g, 1.4 mmol) in 

30 anhydrous tetrahydrofuran (2.0 + 1 mL) was added. The solution was stirred for 2 h at -78°C. The reaction 
mixture was quenched with saturated ammonium chloride solution and extracted with ether. The combined 
ether fractions were washed with brine, water and dried over anhydrous MgS0 4 , filtered and evaporated. The 
product was further purified by SepPak filtration in 5% ethyl acetate in hexane to give 0.693 g (98%) of a mix- 
ture of the two stereoisomer a llyl esters 5a and 5b. For analytical purposes the two allylesters were separated 

35 by HPLC (1% ethyl acetate in hexane. Zorbax Si 1 10 x 25 cm, with differential ref tactometer as detector.) 

5a Peak II (Major) (S): 'H NMR (CDCI3, 500 MHz) 8 0.04. 0.05, 0.08 (3H, 3H and 6H, each s, 4x SiMe), 0.13 
(9H, s, SiMea), 0.86 (9H, s, Si-t-Bu), 0.89 (9H, s, Si-t-Bu), 2.00 (1H, dd, J=13.5. 4.7 Hz, 6j3-H), 2.60 (1H, br d, 
J-13.5 Hz, 6a-H), 2.74 and 3.28 (1H and 1H. each br m, 2-Ha). 3.62 (1H, narrow m, 4p^H), 3.68 (3H, s, OMe), 
3.86 (1 H, ~q. J~4 Hz, 5a-H), 3.95 (1H, dt, J=9.5. 2.5 Hz, 3p-H), 5.63 (1H, s, 7-H). 

40 5b Peak 1 (minor) (R): 1H NMR (CDCI 3 , 500 MHz) 8 0.04, 0.05, 0.06 (3H, 3H and 6H. each s, 4x SiMe), 0.13 
(9H, s, SIMe 3 ), 0.84 (9H, s. SI-t-Bu). 0.89 (9H. s. SI-t-Bu), 2.12 (1H, dd. J=12.7, 3.8 Hz. 6a-H), 2.57 (1H, br t, 
J-12 Hz, 6p-H), 2.62 and 3.35 (1H and 1H, each br d, J~13 Hz, 2-H2), 3.65 (1H, narrow m, 4ct-H), 3.66 (3H, 
s. OMe), 3.86 (1H. ~q. J~4 Hz. 30-H), 3.99 (1H, dt. J=9.9, 3.7 Hz, 5a-H), 5.70 (1H. s, 7-H). 

« (g) (S)- and (R)-(3R,5R) [3,5-Bis(tert.-butyldlmethylsllyloxy) (4-trimethylsllyloxyVcyclohexylldene] ethanol 
(6a and 6b). 

A solution of 41 0 mg of mixture of esters 5a, 5b (0.82 mmol) in 6 mL of anhydrous toluene was treated at 
-78°C under argon with 7 mL (10.5 mmol) of a 1.5 M solution of diisobutytaltiminum hydride in toluene. After 

50 the addition stirring was continued for 1 h at -78°C. The reaction mixture was then quenched by the addition 
of 2N potassium sodium tartrate, the organic phase was separated, and the aqueous phase extracted with ethyl 
acetate. The combined organic phases were washed with water and brine and dried over anhydrous MgS0 4 , 
f i Itered and evaporated. The residue was purified by fast filtration through a silica gel column, using 20% ethyl 
acetate in hexane as eluent, to give 352 mg (91%) alcohols 6a and 6b which were separated by HPLC, Zorbax 

56 Sll 1 0 x 25 cm column, 1 0% ethyl acetate In hexane. First eluted the minor 4R alcohol (42 mg) 6b followed by 
the major 4S alcohol 6a (188 mg) (61% recovery). 

6a Peak II (major) (S): *H NMR (CDd 3 , 500 MHz) d 0.04, 0.05. 0.06, 0.07 (3H, each s, 4x SiMe), 0.13 (9H, s, 
SiMe*), 0.87 and 0.89 (9H and 9H, each s, 2x SI-t-Bu), 1.93 (1H, dd, J=13.5, 5.5 Hz, 60-H), 2.24 (1H, br d, 
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J~1 2.6 Hz, 2p-H), 2.38 (1 H. dd, J=12.6 Hz, 9.2 Hz, 2a-H), 2.50 (1H, dd, J=13.5. 3.5 Hz. 6a-H) 3.57 (1H, narrow 
m, 4P-H), 3.80 (1H, dt, J=3.5 Hz, 5.5 Hz. 5a-H) 3.89 (1H, ddd, J=9.2, 3.0, 2.6 Hz, 3fr-H, 4.13 (2H, m, 
5.45 (1H.t J=6.9 Hz, 7-H). 

6b Peak I (minor) (R) ; 1 H NMR (CDCi 3 , 500 MHz) 8 0.06, 0.07 (6H and 6H, each s, 2x SiMe^, 0. 1 3 (9H, s. SiMe 3 ), 
5 0.87 and 0.89 (9H and 9H. each s. 2x S*ht-Bu), 2.06(1H, dd, J=12.3. 3.9 Hz, 6a-H). 2.23 (1H, dd, J=13.6, 4.0 
Hz, one of 2-H2), 2.38 (1H, brd, J=13.6 Hz, one of 2-Hz), Z45 (1H, brt, J~11 Hz, 60~H), 3.62 (1H, dd, 4.0 and 
2.0 Hz, 4a-H), 3.82 (1H. ~q, J~4 Hz, 3p-H). 3.89 (1H, ddd. J=10. 4 and 2 Hz. 5a-H). 4.03 and 4.12 (1H and 
1H, each brm, B^Hz), 5.57 (1H, t, J=7.1 Hz, 7-H). 

io (h) (Sy and (R)-(3R.5R)-[3.5-Bis(tert.-butyl dimethyls I lyloxy-4-trfmethyt3llyloxy)-cyc<ohexylidene1 ethyl dl- 
phenylphosphine oxide (7a and 7b). 

265 mg dry allylalcohol 6a (0.56 mmol) was dissolved In 5.0 mL anhydrous tetrahydrof uran and 0.35 mL 
(0.56 mmol) n. Butyl lithium (1.6 M in hexanes) added under argon. 106 mg (0.56 mmol) recrystallized dry to- 
ts sylchloride was dissolved in 1 .0 mL anhydrous tetrahydrof uran and added to the allyialcohol-BuU solution un- 
der argon at 0°C. The solution was stirred at 0°C for 5 min. and set aside at 0°C. 

In another dry flask with air replaced by argon 350 juJ (0.56 mmol) n.Butyl lithium (1 .6 M in hexanes) was added 
to 100 uJ (0.56 mmol) diphenylphosphine in 200 ul anhydrous tetrahydrof uran at 0°C with stirring under argon. 
To the orange solution was syphoned under argon pressure at 0°C the tetrahydrof uran solution of the allylic 

20 tosylate. The resulting orange solution was stirred an additional 30 min at 0°C and quenched by the addition 
of water. Solvents were evaporated under reduced pressure and the residue was dissolved In 5 mLof dlchloro- 
methane. The dichloromethane layer was stirred with 20 mL of 10% hydrogen peroxide at 0°C for 1 h. The di- 
chloromethane layer was separated and washed with cold aqueous sodium sulfite, water and brine, dried over 
anhydrous MgS0 4 , filtered and evaporated. The residue was dissolved in 20% 2-propanol in hexane and 

26 passed through a silica SepPak and purified by HPLC (Zorbax-Sil 9.4 x 25 cm column, 20% 2-propanol in hex- 
ane) to give 220 mg (60%) of the crystalline phosphine oxide 7a. 

7a UV(EtOH): %„„ 258, 265, 272 nm. <H NMR (CDCI 3 , 500 MHz) 5 - 0.02, 0.00, 0.01, 0.03 (3H, each s, 4 x 
SiMe), 0.09 (9H, s, SiMe 3 ), 0.83 and 0.87 (9H and 9H, each s, 2x Si-t-Bu). 1.86 (1H, brd, J-13.5 Hz. one of 
6-H2), 1.99 and 2.08 (1H and 1H, each m, 2-H2), 2.42 (1H, brd, J-13.5 Hz, one of 6-H 2 ), 3.10 (2H, m, 8^2), 
30 3.51 (1H, narrow m, 40-H), 3.72 (1H, dt, J=3.7, 5.2 Hz, 5aH), 3.81 (1H, ddd, J=8.8, 4.2, 2.4 Hz, 30-H), 5.24 
(1H, q, J=6.9 Hz, 7-H), 7.46, 7.52 and 7.71 (4H, 2H and 4H. each m, Ar-H). Mass spectrum (exact mass calcd 
for CagH^SijP 658.3459 found 658.3453), m/e (relative intensity) 658 (M*, 1), 643 (3), 601 (100), 526 (12), 
469 (43). 

7b was prepared In the same way as 7a except from the corresponding 6b. 
35 7b 1H NMR (CDCI 3 , 500 MHz) 8 0.02, (12 H. s, 2x SiMe), 0.09 (9H, s, SiMe 3 ), 0.85 (18 H, s, 2x Si-t-Bu), 1.88 
(1H, br d, J~14 Hz, one of 2-Ha), 2.01 (1H, br d J-12 Hz, 6a-H), 2.06 (1H, br d, J-14 Hz, one of 2-Hs), 2.34 
(1H, brm, 6p-H) 3.02 and 3.14 (1 H and 1 H, each brm, S-H^, 3.51 (1H, narrow m, 4o^H), 3.71 (1H, ~q, J=4.4 
Hz, 30-H), 3.84 (1H, m, 5a-H), 5.27 (1H, m, 7-H), 7.46, 7.52 and 7.71 (4H, 2H and 4H, each m. Ar-H). 

<o (i) Triethylsilyioxy Grundmann Ketone (8) . 

Referring now to Scheme II, the CD-ring fragment for the 19-nor vitamin D-derivath/e was prepared byozo- 
nolysis of commercial vitamin D 3 to provide 20 followed by Ru0 4 oxidation to give the 25-hydroxy-Grundmann 
ketone 21. To 30 mg ketone 21 (0.1 mmol) and 28 mg Imidazole (0.41 mmol) In 500 uJ anhydrous dimethyl 

45 formamlde was added 40 ul trlethylsllyl chloride (0.24 mmol). The mixture was stirred at room temperature for 
2 h. Ethyl acetate was added and water, and separated. The ethyl acetate layer was washed with water, brine, 
dried over anh. MgS0 4 , filtered and evaporated. The residue was passed through a silica gel SepPak column 
In 10% ethyl acetate in hexane, and after evaporation purified by HPLC (Zorbax Sil 9.4x25 cm column, 10% 
ethyl acetate in hexane, using a differential refractometer) to give 31 mg (79%) of the pure protected ketone 

50 8. 

1 H NMR (CDCi 3 , 500 MHz) 8 0.56 (6H, q, J=8.0 Hz, 3 x Si-CH 2 ), 0.64 (3H, s, 18-H 3 ), 0.94 (9H, t, J=8.0 Hz, 3 
x SIEt), 0.95 (3H, d. J=6.5 Hz. 21-H 3 ). 1.19 (6H. br s. 26- and 27-H 3 ), 2.45 (1H, dd, J=11.7, 7.4 Hz. 14a-H). 

(j) 1a,2a,25-trihydroxy-19-nor-vitamin D 3 (10a) . 

16.9 mg (25.7 urrtol) phosphine oxide 7a was dissolved in 200 ul anhydrous tetrahydrof uran, cooled to 
0°C and 20 uJ (26 umol) n.butyl lithium (1.3 molar In hexanes) added under argon with stirring. The solution 
turns deep orange. The mixture was cooled to -78°C and 7.5 mg (21 umol) protected ketone 8 added in 200 
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pJ + 1 00 uJ anhydrous tetrahydrof uran. The mixture was stirred under argon at -78°C for 1 h (at that time the 
solution became colorless) and at RT 18 nr. Ethyl acetate was added and the organic phase was hed with water, 
brine, dried over anhydrous MgS0 4 , filtered and evaporated. The residue was dissolved In 10% ethyl acetate 
in hexane, passed through a silica SepPak and washed with 40 mL of the same to give the 19-nor vitamin D 
5 derivative 9a. The Sep Pak was then washed with 20% 2-propanol in hexane to recover 5 mg unchanged di- 
phenylphosphine oxide. 9a was purified by HPLC In 10% ethyl acetate in hexane (Zorbax Sll 9.4 x 25 cm col- 
umn) to give 8.2 mg of the protected 19-nor vitamin D 3 derivative 9a (54%). 

*H NMR (CDCI 3 , 500 MHz) 5 0.04, 0.05, 0.06 (3H, 3H, and 6H, each s, 4x SiMe), 0.12 (9H, s, SiMeJ, 0.55 (3H, 
s, I8-H3), 0.56 (6H, q J=7.4 Hz, 3 x SiCHj), 0.87 and 0.88 (9H and 9H, each s, 2 x Si-t-Bu), 0.92 (3H, d, J=6.1 
10 Hz,21-H 3 ),0.95(9H,t, J=7.4 Hz. 3xSiEt), 1.19(6H. br s, 26-and 27-CHa). 2.79 (1H, br d f J=12.6 Hz, 90-H), 
3.53 (1H, m, 2p-H), 3.80 (1 H, m, 3a-H), 3.88 (1 H, m, 1p-H), 5.81 and 6.10 (1 H and 1 H, each d, J=11.4 Hz, 
6- and 7-H). Mass spectrum (exact mass calcd for C 47 He40 4 Si4 834.6229, found 834.6241) m/e (relative inten- 
sity) 834 (12), 805 (3), 702 (100), 645 (18), 599 (45). 

All of 9a was dissolved in 1.0 ml of anhydrous tetrahydrof uran and treated with 150 ui of a 1M solution of tet- 
15 rabutylammonium fluoride in tetrahydrof uran. The mixture was stirred under argon at RTfor 16 h and extracted 
with ethyl acetate. The organic phase was washed with 1 0% NaHC0 3 solution, brine and dried over anhydrous 
MgS0 4 , filtered and evaporated. The residue was filtered through a Silica SepPak and purified by HPLC (Zor- 
bax Sil 9.4 x 25 cm column, 30% 2-propanol in hexane) to give 1.48 mg of pure 1a,2a,25-trihydroxy-19-nor- 
vitamin D 3 10a. 

20 UV (In EtOH) X™: 243, 251.5, 261 nrn. Mass spectrum m/e (relative Intensity): 420 (M 4 , 100), 402 (55), 384 
(18), 245 (45). 95 (95). 59 (95). 

10a (2a-OH): 1H NMR (CDCI 3 , 500 MHz) 5 0.55 (3H, s, I8-H3), 0.94 (3H, d, J=6.5 Hz, 21-H 3 ), 1.22 (6H, s, 26- 
and 27-CH 3 ), 2.62 (1H, dd, J=13.0, 4.2 Hz), 2.79 (1 H, brd, J=12.9 Hz), 2.90 (1H, dd, J=14.3,4.2 Hz), 3.25 (1H. 
brm), 3.53 (1H, dd, J=8.4, 2.6 Hz), 3.79 (1 H.brm), 4.10(1 H, m), 5.81 and 6.38(1 H and 1 H, each d, J=11.0 
26 Hz. 6-and 7-H). 

10b was prepared in the same way as 10a except from the corresponding 7b (Structure not shown). 
10b (20-OH): 1 H NMR (CDCI 3 , 500 MHz) 5 0.55 (3H,s, 18-H 3 ). 0.94 (3H. d, J=6.6 Hz, 21-H 3 ), 1.22 (6H, s, 26- 
and 27-CH 3 ), 2.79 (1H, br d, J=13.0 Hz), 3.36 (2H, br m). 3.49 (1H, m), 3.68 (1 H, br m), 4.08 (1 H, m), 5.84 
and 6.29 (1 H and 1 H, each d. J=11.3 Hz, 6- and 7-H). 

30 

Example 2 

Scheme III illustrates the preparation of 1a,25-dihydroxy-2a(3'-hydroxypropoxy)- 19- nor- vitamin D 3 (14a) 
and 1a,25-dlhydroxy-2a(benzyloxy)-19-nor-vltamln D 3 (16a). 

35 

(a) 1 9-Nor-(1 g,3p)-[bis(tert.-butyldi methyls ilyloxy)-25-triethylsi lyloxy-2a-hydroxyvitamin D 3 (1 1 a) . 

10 mg 9a was stirred for 4.5 h at room temperature with 3 ml of a mixture of tetrahydrof una n-acetlc acid- 
water (8:8:1). Ethyl acetate was added and washed with ice cold water, ice cold 10% NaHC0 3 solution until 
40 neutral, water and brine, and dried over anh. MgS0 4 , filtered and evaporated. The residue was purified by 
HPLC (Zorbax Sil 10 x 25 cm column, 5% ethyl acetate in hexane) to give (in order of peak elutions) 1.2 mg 
unchanged starting material (12%), 3.5 mg of the expected 2-hydroxy compound 11a (38%) and 0.75 mg of 
25- hydroxy compound (10%) (total recovery 60%). 

11a (2a-OH): 1 H NMR (CDCI 3 , 500 MHz) 6 0.06, 0.07, 0.08, 0.10 (each 3H, each s, 4x SIMe), 0.55 (3H, s, 18- 
4S H 3 ), 0.56 (6H.q. J=7.8 Hz, 3x SICH2) 0.87 and 0.88 (9H and 9H, each s, 2 x SI-t-Bu), 0.93 (3H. d, J=6.4 Hz, 
21-H 3 ), 0.95 (9H, t, J=7.8 Hz, 3 x SiEt), 1.19 (6H, brs, 26- and 27-CH 3 ), 2.27 (1H, d, J=3.3 Hz, OH). 2.79 (1H, 
dd, J=12.3, 4.2 Hz, 90-H), 3.51 (1H,dt, J-6 and 3 Hz; after D2O : dd, J=5.8, 2.7 Hz, 2^H), 3.91 (1H, dt, J=4.3, 
5.8 Hz, 3a-H), 4.00 (1H,~dt, J-7.5, 3 Hz, 1J3-H), 5.80 and 6.16 (1H and 1H, each, d, J=11.2 Hz, 6- and 7-H). 
19-Nor-(1g.3BHbis (tert.-butytdimethvlsilvloxv)-25-triethvl si Moxv-2B- hydroxy- vitamin D a (11b) 
so lib (not shown) was prepared the same was as 11a except from 9b (not shown) 

lib (2p-OH): W NMR (CDCI 3l 500 MHz) 6 0.06, 0.07, 0.08, 0.10 (each 3H, each s, 4x SiMe), 0.54 (3H, s, 18- 
H 3 ), 0.56 (6H, q, J=8.0 Hz, 3x SICH 2 ), 0.86 and 0.89 (9H and 9H, each s, 2x SI-t-Bu). 0.93 (3H. d, J=6 Hz, 21- 
H 3 ), 0.94 (9H, t, J=8.0 Hz, SiEt), 1.19 (6H, br s, 26- and 27-CH 3 ), 2.81 (1H, br d, J-13 Hz, 9p-H), 3.59 (1H, 
narrow m, after D 2 0 : dd, J=3.6, 3.3 Hz, 2a-H), 4.00 (2H, m, 10- and 3a-H), 5.80 and 6.19 (1H and 1H, each 
55 d, J=11.0Hz,6-and7-H). 
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(b) 3-Bromo-1-(tert.-butyldimethylsily>oxy)-prDpan9 (12). 

1.4 g (1 mmol) 3-bromo-1-propanol was dissolved In 5 ml of anhydrous dimethyl formamlde and 3.0 g of 
imidazole, followed by 3.3 g of tert-butyldi methyls ilyl chloride was added at 0°C with stirring. The mixture was 
5 stirred at room temperature for 2 h. Ether was added, and the ether phase washed with water and brine, dried 
over anh. MgS0 4l filtered and evaporated. The residue was passed through a small silica gel column and eluted 
with hexane to give 2.03 g (80%) pure 12. 

1H NMR (CDCI 3 , 500 MHz) 8 0.06 (6 H,s, SiMeJ, 0.90 (9H, s, Si-t-Bu), 2.03 (2H, ~ quint., J-~6 Hz, C-CH^C), 
3.51 (2H, t, J=6.2 Hz, CHa-O), 3.73 (2H, t, J=5.8 Hz, CH 2 -Br). 

10 

(c) ig-Nor^^S'-hydroxypropoxyj-l-dihydroxyvitamin D 3 (14a) . 

1.6 mg (2 umol) 11a was dissolved in 200 uJ of anh. dimethyl formamlde and 3 mg sodium hydride (as 60% 
oil dispersion) followed by 3 mg 18-Crown-6 and 5 ul of the bromo compound 12 was added and the mixture 
15 stirred under argon atmosphere for 48 h. The mixture was extracted with ethyl acetate, washed with water, 
dried over anh. MgS0 4 , filtered and evaporated. The residue was passed through a silica gel SepPak column 
and evaporated In AcOEt 

13a : 1H NMR (CDCI 3 , 500 MHz) 8 0.04, 0.05, 0.06, 0.07 (6H, 6H, 3H, 3H, each s, 6x SiMe), 0.55 (3H, s, 18- 
H 3 ), 0.56 (6H, q, J=7.5 Hz, 3x SiCHz) 0.87 and 0.88 and 0.89 (9H, 9H and 9H, each s, 3x Si-t-Bu), 0.93 (3H, 

20 d, J=6 Hz. 2I-H3), 0.95 (9H, t, J=7.5 Hz, 3 x SIEt). 1.19 (6H, br s, 26-and 27-CH 3 ). 2.79 (1H. br d. J=14 Hz), 
3.12 (1 H, m), 3.4-4.1 (at least 7H, complex m), 5.80 and 6.12 (1H and 1H, each d. J=11 Hz. 6- and 7-H). 
The residue was dissolved in 1 ml of anh. tetrahydrofuran and 0.5 ml tetrabutylammonium fluoride (1.0 M in 
THF) was added and stirred under argon atmosphere for 20 h. The residue was extracted with ethyl acetate, 
washed with water and 10% NaHC0 3 solution, water and brine, and dried over anh. MgSO*. filtered and evapo- 

26 rated. The residue was passed through a silica gel SepPak column in 1:1 2-PrOH-hexane and purified by HPLC 
(Zorbax Sil 1 0mm x 25 cm column, 40% 2-PrOH-hexa ne) to give 202 ug of the expected product 14a (overall 
yield from 11a. 21 %) and 20 ug of 10a. 

14a UV (In EtOH) k max : 243, 251.5, 261 nm. Mass spectrum (exact mass calcd for C^HsoOs 478.3658, found 
478.3659), m/e (relative intensity) 478 (M+, 5), 460 (6), 442 (2), 402 (4), 384 (3), 245 (15), 184 (20), 142 (100), 
30 95 (50), 59 (38). -"H NMR (CDCI 3 , 500 MHz) 8 0.55 (3H, s, 18-H 3 ), 0.93 (3H, d. J=6.8 Hz, 21-H 3 ), 1.22 (6H, s, 
26-and 27-H 3 ), 3.3-4.2 (at least 7H, complex m), 5.83 and 6.34 (1H and 1H. each d. J=11.2 Hz, 6- and 7-H). 

(d) 19-Nor-2fi(3 , -hydroxypropoxy)-1a,25-dihydroxyvitamin D 3 14b) (Structure not shown) 

35 14b was prepared in the same way as 14a except from the corresponding lib (structure not shown). 

14b UV (in EtOH) X^: 243, 251 .5, 261 nm. Mass spectrum m/e (relative intensity) 478 (M+, 5), 460 (20), 442 
(18), 424 (4), 384 (3), 245 (28), 181 (28), 95 (50), 69 (100), 59 (68). 'H NMR (CDCI 3 , 500 MHz) 5 0.54 (3H, s, 
18-H 3 ), 0.94 (3H, d, J=6.5 Hz, 21-H 3 ), 1.22 (6H, s, 26-and 27-H 3 ), 2.79 (1H, brd. J~12Hz. 90-H), 3.0-4.3 (at 
least 7H, complex m), 5.83 and 6.29 (1H and 1H, each d, J-11.2 Hz, 6- and 7-H). 

40 

(e) 19-Nor-2a(benzyloxy)-1a,25-dlhydroxyvitamln D 3 (16a) . 

1.6 mg (2 umol) (11a) was dissolved in 200 ul of anh. dimethyl formamide and 3 mg sodium hydride (as 
60% oil dispersion) followed by 3 mg 1 8-Crown-6 and 6 uJ of benzyl bromide benzene solution, (prepared from 

45 120 ul benzyl bromide in 1 mL benzene) was added and the mixture stirred under argon atmosphere for 48 h. 
The mixture was extracted with ethyl acetate, washed with water, dried over anh. MgS0 4 , filtered and evapo- 
rated. The residue was passed through a silica gel SepPak column, evaporated to give 860 ug crude 15a, which 
was without purification deprotected. 860 ug crude 15a was dissolved In 200 uL of methanol and 10 mg me- 
thanol washed AQ-50W-X4 cation exchange resin added. The mixture was stirred under argon atmosphere 

50 at RTfor 18 h, filtered through a SepPak Silica cartridge and washed with 2-propanol. The solvent was evapo- 
rated under reduced pressure and the residue purified by HPLC (Zorbax Sil 10 mm x 25 cm column, 30% 2- 
PrOH-hexane mixture) to give 170 ug of the 2a-benzyloxy-compound mixture) to give 170 ug of the 2a-ben- 
zyloxy-com pound 16a . 

16a : UV (in EtOH) X^: 243, 251 .5, 261 nm. Mass spectrum (exact mass calcd for C^H^C^ 51 0.3709 found 
66 510.3703), m/e relative Intensity 510 (11), 492 (8), 474 (2), 401 (8), 91 (100). 1 H NMR (CDQ 3 , 500 MHz) 8 0.55 
(3 H, s, 18-H 3 ), 0.93 (3 H, d, J=6.7 Hz, 21 -H 3 ), 1.22 (6H, s, 26- and 27-H 3 ), 2.79 (2H, m), 3.45 (1 H, dd, J=7.3, 
3.0 Hz. 2p-H). 3.97 (1 H, m, 3a-H), 4.11 (1 H, m, 1JS-H), 4.65 and 4.72 (1 H and 1 H, each d, J=11.8 Hz, O- 
CHA 5.83 and 6.33 (1 H and 1 H, each d, J=11.2 Hz, 6- and 7-H), 7.2-7.4 (5H. br m. Ar-H). 
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SCHEME TV 
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Biological Activity of 1a-Hydrox v-19-Nor Wamin D Compounds 

The novel compounds of this Invention exhibit en unexpected pettern of biological activity. AH cf *e 1 9- 
norSmSs exhibited high potency in promoting the differentiation *«££^™£3£Z 
analoos showed in vivo calcium transport with little or no bone calcum mob.loa on, the 20- more .than tne 
I ^.™^hlle the 2a-hvdroxypropoxy analog showed a selective activity profile, combining high potency 
fn^duc.™^ wl* very low bone calcium mobilizing activity. This Is Illustrated 

bv The ^bSoS^S r^2tTSained for the Calmed 1 9-nor-vitamin D 3 compounds, which are ~nzed 
by the biology WM comparison of the ectivity of the known active metabolite 1^25- 

« F«a 1 and 2 ^ T« u «yj *• 1 ,^^23 In Inducing the differentiation of human leukemia cells (HL- 

^^rSslummadzedlnFlg. 1 clearly show that the new analogs. 1a.2 a ,2^trihydroxyJ9-n^^min 
ZSILmJS* by O. «' ■ •on"""*"" oM X 1»* mow ond 11.. to., dogro. of 

cr=tor.,.r« 

'Ti»^«oS-«.M«o»-.^.» 

in regara loine Diuiugiw*. u switched to a low Ca diet (0.02% Ca) 

K££S£52^o^o~^ 

« h^,ox,i«o P o«y-1o.25.(lihydroxHlo>olo O, oompoood to on tov.ly ptolil. o.milo. to MMOHW* m« n. 
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500 ng of compound per day, as a JJ^jJjJ^^^^SitaBrf thesubject as l9 well-understood 



In 



S! aTsS^uent to menopause or prior to the onset of menopause. 
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Group 


Amount 
pmoles/d/ 
7 days 


TABLE 1 

S/M Ratio 
a ve • s • e » m . 


Serum Ca 

ave • s.e.m. (mg %) 


15 


D-Def icient 


0 


a 2 .1 X U.lo 


*4 . 3 i 0.14 




la, 25- (OH) 2 D 3 


130 


b8.0 ± 0.80 


*>5 . 6 ± 0.20 


20 


19-Nor-la, 2a, 
25- (OH) 3 n 3 


130 

325 


<=5 . 3 ± 0.26 
5.0 ± 0.14 


cb4.14 ± 0.10 




p^Def icient 


0 


a3.0 ± 0.8 


*4.3 ± 0.23 


26 


19-Nor-la, 2fi, 
25-(OH) 3 D 3 


65 
325 
650 


C5.8 ± 0.22 
10.8 ± 0.39 
9.9 ± 0.45 


2 ca 4.2 ± .19 
<*>4.2 ± 0.28 - 
oc4.3 ± 0.24 




la, 25-<OH) 2 i>3 


65 
325 


k>8,3 ± 0.32 
ICS ± 1.2 


1*5.2 ± 0.16 
K6.8 ± 0.24 


30 


D-Def icient 


0 


a2.5 ± 0.15 


a4.3 ± 0.13 




ia,25-(OH) 2 D 3 


130 
325 


b7.1 ± 0.49 
7.8 ± 0.60 


fcl5.7 ± 0.23 
b27.1 ± 0.30 


35 


19-Nor- 


130 


^3.5 ± 0.23 


3<*4.9 ± 0.11 




2a-hydroxy- 
propoxy- 


325 


4.3 ± 0.33 


3>5.8 ± 0.20 



la,25-(OH) 2 D 3 



Statistical data 
Serosal /Mucosal 
Panel 1 All from a 

P < .001 
Panel 2 All from a 

p < .001 
Panel 3 All from a 

P < .001 



Serum Ca 

Panel 1, b from a P < .001 

!c a , c b from a N.S. 
Panel 2, b*, b2, from a p<.001 

2 c a c b c c N.S. 
Panel 3 b 1 , b* from a p < .001 
(3) c« from a p < .0005 
c b from a, p< .001 
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Claims 

65 1. A vitamin D compound having the structure: 
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hydroxyalkyl. fluoroalkyl. arylalkyl or aryl group, and R 2 la hydrogen or a hydroxy group. 

2. 1 a,2a,25-trihydroxy-1 9- nor-vitamin D 3 . 

3. 1 a.2p,25-trihydroxy-1 9-nor-vltamln D 3 . 

4. i a ,25-dihydroxy-2a-(3'rrydroxypropoxy)-19-nor-vitam D 3 . 

5. 1 a,25-dihydroxy-2 p-(3'hydroxypropoxy)-1 9-nor-vitamin D 3 . 

6. 1a,25-dlhydroxy-2a(benzyloxy)-19-nor-vltamln D 3 . 

7 A pharmaceutical composite comprising a ^no,vitamin D compound as daimed in any one of claims 
1 to 6 together with e pharmaceutical^ acceptable excipient 

droxy-2a-(benzyloxy)-19-nor-vitamin D 3 . 

9 Acomposition according to daim 7 or 8 wherein the 19 -nor-compound is in solution in an ingestib.e and 
nontoxic liquid vehicle, said solution being encapsulated. 

10 Acomposition according to claim 7 or 8 which is a slow release formulation. 

11. Acompositionacoomingtoanyoneofc^ 
D 3 compound. 

12. A vitamin D compound as defined In any one of claims 1 to 8 for use in treating osteoporosis. 

13. The use according to claim 1 2 wherein the ^-nor-vitamin D compound is administered in an amount of 
from 1 ug to 500 ug per day. 
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HL-60 DIFFERENTIATION BY NBT ASSAY 
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CONCENTRATION 
lc<,25(0H) 2 D 3 

19 NOR - lex 2510H) 2 " 2*1 3 0H-PROPOXY) D 3 
19 N0R-l<x2<x25(0H) 3 D 3 



FIG.IA 
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HL-60 CELL DIFFERENTIATION - NBT ASSAY 
IOO-i 




CONCENTRATION 
o— lex,25(OH) 2 -VIT D 3 

*— 19 NOR-2«-BENZYLOXYHo<,25(OH) 2 -VIT 

FIG. IB 
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COMPETITIVE BINDING TO VITAMIN D RECEPTOR 
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MOLAR CONCENTRATION 



lc*,25(0H) 2 VIT D 3 

l9N0R-lo<25(0H) 2 -2c<(30H-PR0P0XY) VIT D 3 
l9N0R-l<*,2o<,25(0H)3 VIT D3 



FIG. 2A 
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COMPETITIVE BINDING TO VDR-PNE 
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